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Objective：The clinical experiment to establish the cerebral protection protocol for hemodynamically 
vulnerable patients from ischemic insult during surgery is presented. 
Methods：The experiment divided in two parts, one is to analyze the effect of intravenous anesthetics 
and inhalation anesthetics on EEG activity in neurologically intact 81 patients. The others is to develop the 
stepwise cerebral protection protocol during aneurysm surgery which required temporary clipping, carotid 
endarterectomy and extracranial intracranial arterial bypass surgery in 61 patients. The cerebral protection 
protocol included the use of intraoperative compressed spectral array(CSA) monitoring, induced hyper-
tension, thiopental induced burst suppression and moderate hypothermia. 
Results：With the efforts of brain protection protocol, 59 of the 61 patients recovered without any newly 
developed neurological deficit from the surgery. One patient had carotid stenosis with multiple untreated 
aneurysms, and therefore, induced hypertension was not applied. This patient developed significant posto-
perative neurological deficits correlated well with the CSA changes. In one patient who has cerebral aneu-
rysm, thiopental bolus injection was used. This patient has reduction of EEG activity during temporary 
clipping and developed the relatively well correlated neurologic deficit postoperatively. Among 28 carotid 
endarterectomy cases, three patients has definite reduction of EEG activities within 7 to 15 seconds of int-
erval carotid artery(ICA) test clamping before endarterectomy. But, these patients recovered from surgery 
without any neurological deficit inspite of 28 to 35 minutes ICA clamping with the effort of thiopental 
induced burst suppression, induced hypertension and moderate hypothermia. 
Conclusion：Cerebral protection protocol under CSA monitoring could prevent ischemic insults from 
circulatory disruption on vulnerable ischemic hemisphere. 
 
KEY WORDS：Cerebral protection·Carotid endarterectomy·Aneurysm surgery·Thiopental·Hypo-
thermia·Temporary clipping. 
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결     과 
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중추신경계 질환이 없는 환자에서의 Thiopental so-
dum과 Midazolam에 의한 유도수면시 CSA의 변화 
및 Enflurane과 Isoflurane 흡입마취제에 따른 마취
과정 중의 CSA의 변화 
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Fig. 1. Compositonal changes of EEG frequency band by th-
iopental sodium?n=13? or midazolam?n=13? induced sleep.
Error bars represent standard deviation of mean. ?p?0.05 vs.
midazolam induced sleep, ?p?0.05 vs. Awake. 
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허혈성 뇌혈관질환의 발생가능성이 높은 환자군에서
의 뇌보호 protocol의 적용결과 
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Fig. 2. Compositional changes of EEG frequency bands during 
anesthesia, Induction?thiopental sodium and volatile anesth-
etics, Maintenance?N2O and volatile anesthetics, A. Enflurane-
N2O anesthesia, B. Isoflurane-N2O anesthesia. Error bars represent 
standard deviation of mean. ?p?0.05, vs Enflurane, #p?0.05 vs. 
Pre-induction. 
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Fig. 3. A?Two channels of digitalized EEG?upper F3?P3, lower 
F4?P4?. Burst and suppression of EEG activity well visualized by
thiopental infusion, B?Left two columns?compressed spectral 
array?CSA? and right two columns?Color density Spectral Array?
CDSA? represent the digitalized EEG activity of left and right he-
misphere respectively, Each line of CSA represents the EEG ac-
tivity of 2 seconds?one epoch? and the horizontal axis represents 
the frequency from 0 Hz to 30 Hz. Bursting activity repeated after 
the suppression?flat liner? about 8?12 seconds interval. Small 
rectangular dot on the line represents the SEF. Contiguous white 
line on CDSA represents the total sum of power of each epoch. 
Bright dots represent the highly prevalent activity during each 
one epoch and dark dots represent the lesser prevalent acitvity. 
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Fig. 4. Changes of compressed spe-
ctral array and color density spectral 
array acitivties according to progre-
ssion of hypothermia, According to 
the drop of temperature, total sum of 
power is decreasing and lower freq-
uency component is dominating pr-
ogressively. 
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증  례 1： 
???????????????????????????????
?????????????????????????????????
????????????????????????????????
Before induction 
After induction 35? 
33? 
ICA test clamp on 
ICA test clamp off 
Thiopental bolus injection 
During endarterectomy 
15 min, after 
endarterectomy 
Thiopental stop 34.5? 
25 min, after 
endarterectomy 36? 
Thiopental infusion Fig. 5. Sequential montage of color
density spectral array of case 1, Left
column represents F3?P3, right col-
umn represents F4?P4. Left column
has relatively lower electrical activity
than right column due to carotid oc-
clusion, According to the temperature
drop, total sum of power decreased
and highly prevalent frequency shift
to lower frequency is visible. Note at
the point of internal carotid artery
test clamp on, EEG activity is almost
completely demolished in a few se-
conds?total sum of power aligned to
0, very minimal lower frequency com-
ponent were only visible?. During the
thiopental infusion, burst suppression
is visible. After the endarterectomy,
EEG activity progressively recovered
with increasing temperature. 
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마취제의 농도 및 투여 방법에 따른 뇌파의 변화 
???????????????????????????????
???????????????????????????????
????????????????????? ??????????????
???????????????????????????????
????????????????????????????????-
???????????????????????????????????????
?????????????????????????????????
????????????????????????????????????????? ???????-
????????????????????????????????
????????????????????????????????
???????????????????????????????
???????????????????????????????
????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????
????????????????????????????????
?????????????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????????????-
Hypothermia 
start 
ICA test clamp 
34.5? 
ICA test clamp 
off 
33? 
Skin closure 
34.5? 
CCA clamp off 
ICA clamp off 
ICA clamp 
CCA clamp 
Endarterectomy 
Thiopental infusion 
Fig. 6. Sequential montage of color 
density spectral array of case 2, Alm-
ost same finding with Fig. 5. Both he-
misphere has relatively same effect 
due to contralateral carotid occlusion 
during the internal carotid artery test 
clamp. 
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